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Abstract
The increased demand by stakeholders for a cleaner environment has put pressure on construction firms to implement 
environmental practices (EP) within their own organizations. Past studies have shown that both organizational and external 
factors may influence firms’ EP. However, to guarantee the success of EP, such practices must be compatible with construction 
firms. This study investigates the potential impact of compatibility on implementation of EP besides organizational and external 
factors. The PLS-SEM using Smart-PLS is used on 210 construction firms to test the hypotheses. The results indicate that 
organizational support, customer pressure, and regulatory pressure have a positive impact on the implementation of EP. The 
impact of quality of human resources, government support, and compatibility on implementation of EP were not supported. This 
information may improve the decision-making in the construction industry to facilitate the implementation of EP.
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1. Introduction
The increased demand by stakeholders for a cleaner environment has put pressure on construction firms to
implement environmental practices (EP) within their own organization. The EP of a firm can be classified into three 
major activities: energy efficiency, waste management, and involvement in EP efforts [1,2]. Although both 
organizational and external factors may influence firms’ EP [refer to 3, 4], the main challenge for the wider 
implementation of EP in the construction sector lies in how to encourage the various firms with different operations 
and systems to be responsible to the environment. 
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Scholars have suggested that to guarantee the success of EP, such practices must be compatible with construction 
firms [5]. Compatibility means that EP are compatible with the firm’s existing operations and consistent with the 
firm’s values; it also means that they can easily integrate with the firm’s existing system [6,7]. Despite its 
importance, minimal research exists that concerns the potential effect of compatibility on firms’ EP. It is important 
to remember that most construction activities that harm the environment are the results of actions by a project team
from a construction firm; members of a project team include project owners, architects, engineers and contractors 
[8,9]. Therefore, to ensure a widespread implementation of EP in the construction sector, EP at the project level 
need to be compatible and to be able to integrated with the construction firms’ values and system and vice-versa.
This study’s objective is to investigate the effect of organizational factors, external factors, and compatibility on the
implementation of EP. This study hopes to provide primary guideline for policy makers and construction firm 
managers to implement EP in the construction sector. Theoretically, in addition to extending [3,4] work on the 
factors that influence EP in construction firms, the investigation of the role of compatibility may refine our 
conceptual understanding of the determinants of EP implementation.
2. Conceptual Research Framework and Hypotheses Development
This research analyses the influences of the organizational factors (organizational support and quality of human 
resources), external factors (customer pressure, regulatory pressure and government support), and compatibility
incorporated in the implementation of EP in a construction firm. Little research on environmental sustainability has 
considered the influence of compatibility on the firms’ EP. The relation between independent variables and the 
dependent variable is illustrated in Fig. 1.
Fig. 1. Conceptual Research Framework
2.1 Organizational Support
The commitment to initiating EP by top management is a major factor in the adoption of green construction 
practices [10]. [11] explained that firms are expected to employ EP if their executives place a high premium on 
environmental friendliness and protection. The environment-related concerns of managers are positively associated 
with the extent and pace of their firms’ reactions to issues concerning the environment [12]. Therefore, the following 
hypothesis is developed:
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2.2 Quality of Human Resources
Humans are the most essential asset for organizations and have a considerable influence on firms [13]. The 
ignorance or the lack of common understanding of EP hinders its implementation in the construction industry [7].
The human resource goal is to achieve organizational objectives through effective staff management that is flexible, 
able to provide a quality work life, able to motivate and able to encourage personal development so that the staff 
goals and needs are parallel with the organization; this will motivate workers to do their best to support 
organizations’ requests [14]. As such, to achieve an environmental goal, construction industry professionals need to 
be fully acquainted with EP to implement it [9, 15, 16]. Therefore, the following hypothesis is developed:
H2: The quality of human resources has a positive influence on EP implementation.
2.3 Customer Pressure 
Business strategies in any industry have a close relationship with the interests of customers [17, 18]. In the past 
few years, environment-friendly initiatives have been among the most significant customer requirements [18].
Customer pressure positively regulates the relationship, and the absence or deficiency of customer pressure may 
cause a loss of customers and negatively influence firm profit [19]. Failure to meet customers’ needs may result in 
the exclusion from the preferred lists of the construction firms involved [20]. Therefore, construction firms may be 
compelled to enhance EP to fulfil customer requests. This scenario indicates that customers are important to the 
development of environment-focused strategies by construction firms. Therefore, the following hypothesis is 
developed:
H3: Customer pressure has a positive influence on EP implementation.
2.4 Regulatory Pressure
The primary driving force in EP implementation is the government regulations [11, 21]. These regulations can 
include a variety of facets, such as identifying specific technologies, presenting particular environment-related 
objectives that must be accomplished, and establishing economic legislations by means of environmental cost and 
benefit distribution [22]. The failure to comply with regulations results in the issuance of penalties, including fines. 
[23] explained that government environmental regulations may facilitate surmounting organizational inertia and
direct firms to adopt innovative systems, inspire creativity, realize resource inefficiency that arises from obsolete 
facilities, and invest in technological innovations. According to other studies, regulation is among the key factors 
that persuade firms to invest significantly in clean technologies, and these firms regard the environmental factor as a 
component of their strategic planning [24]. Therefore, the following hypothesis is developed:
H4: Regulatory pressure has a positive influence on EP implementation.
2.5 Government Support
Organizations with limited internal assets may gain from external assistance, such as grants and technical aid 
funded by the government [25]. The government can also support EP by lessening the cost of its adoption [26].
Firms that lack the internal skills and resources to implement EP may appreciate assistance from government.
Therefore, the following hypothesis is developed:
H5: Government support has a positive influence on EP implementation.
2.6 Compatibility
Compatibility which reflect how the environmental practices, fits well to firms’ existing operations and systems 
[6]. To lessen possible resistance towards the adoption of environmental practices, a firm will be more likely to 
implement the environmental practices that are more compatible with the firm’s existing operations and system [6].
Compatibility is relevant to environmental practice implementations because several environmental practices are 
new to firms’ current operations; thus, the adoption of environmental practices can be termed as a process of 
245 Nor’Aini Yusof et al. /  Procedia Engineering  145 ( 2016 )  242 – 249 
environmental knowledge accumulation and integration rather than a single event. Environmental practices that are 
more compatible to a firm’s current operations and systems will be more easily diffused within the firm [5]. The fit 
between existing firm operations and environmental practices may generate a greater adoption of environmental 
practices [7, 9]. Therefore, the following hypothesis is developed: 
H6: Compatibility has a positive influence on EP implementation.
3. Research Methodology 
3.1 Measure of Constructs
A survey questionnaire was utilized. To confirm content validity, all measurement items used in this study were 
adapted from previous studies. All main scale items are based on a five-point Likert-scale ranging from strongly 
disagree (1) to strongly agree (5). Organizational factor included organizational support (4-item), quality of human 
resources (3-item), and external factors included customer pressure (2-item), regulatory pressure (3-item), 
government support (3-item), compatibility (3-item) and the implementation of EP (5-item), which were adapted 
from literature.
3.2 Sample and Data Collection
Data were collected from consultants, contractors, and property developers in Peninsular Malaysia. The 
sampling list was obtained from the websites of the Malaysian Board of Architects, the Malaysian Board of 
Engineers, the Malaysian Construction Industry Development Board and the Malaysian Real Estate and Housing 
Developers’ Association. These targeted respondents are the construction project team members, including the
architects, structural and mechanical engineers, and project managers, in Malaysian construction firms. These 
members were selected as the respondents because they are directly involved in the construction project operations 
and have knowledge and experience relating to all the activities of their respective companies. Respondents were 
selected through stratified random sampling. The questionnaire survey was administered face-to-face at the offices 
of consultants, contractors and property developers. The state of Penang was picked as a case study because it has 
the maximum number of construction activities in Malaysia [27]. A total of 600 questionnaires were distributed, and 
a total of 221 responses were received. Of the 221 responses, eleven were partially completed, thus leaving a total of 
210 usable responses for data analysis purposes.
To ensure that common method bias did not exist in the questionnaire survey, Harman’s single factor test was 
performed; it revealed that the first factor represented 12.196% of the variance, which is less than the threshold level 
of 50% of the total variance explained by the 32 possible linear combinations. The overall variation explained by the 
seven factors is 66.347% and is well above 50%; therefore, it satisfies the threshold of 50% [28].
3.3 Analysis
To test the research model, this study used the partial least squares (PLS) technique of structural equation 
modelling using SmartPLS Version 3.0. The reason to use the PLS technique because of its suitability with the 
exploratory nature of this study [29]. Based on the recommendation of [30], this study applied the two-step 
approach for data analysis. The first step analysed the model for measurement, and the second evaluated the 
relations among the structures of the underlying constructs. Prior to identifying these relations within the model, this
research employed this method to determine how reliable and valid the measures are.
4. Results
4.1 Assessment of Measurement Model
Reflective measurement models need to be assessed in connection with their reliability and validity. [31]
suggested to accept items with loadings of at least 0.7. Table 1 showed the factor loadings of each construct were all 
greater than 0.7; this shows that the reliability of the individual item y was acceptable. Traditionally, Cronbach’s 
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alpha was used as the reliability test that assesses the internal consistency within a construct. However, a different 
measure for PLS path models, the Composite Reliability (CR), was suggested by several scholars because the
Cronbach’s alpha tends to underestimate the internal consistency reliability of latent variables [32]. The composite 
reliabilit\ RI HDFK UHÀHFWLYH FRQVWUXFW H[FHHGHG WKH UHFRPPHQGHG WKUHVKold of 0.7 [33]. Convergent validity is 
GHPRQVWUDWHGDVWKHDYHUDJHYDULDQFHH[WUDFWHG$9(RIDOOUHÀHFWLYHFRQVWUXFWV that exceeded the threshold of 0.5 
[34]. Table 1 shows the results of the measurement model. 
Table 1. Measurement Model Evaluation
Constructs Number of Items Factor Loadings CR AVE
Organizational Support (OS) 4 0.736-0.849 0.873 0.632
Quality of Human Resources (QHR) 3 0.805-0.897 0.896 0.742
Customer Pressure (CP) 2 0.838-0.931 0.879 0.785
Regulatory Pressure (RP) 3 0.773-0.893 0.889 0.728
Governmental Support (GS) 3 0.843-0.897 0.906 0.763
Compatibility (COM) 3 0.705-0.874 0.850 0.656
Implementation of Environmental Practices (IEP) 5 0.771-0.868 0.911 0.672
Note: CR= Composite Reliability; AVE= Average Variance Extracted
We then proceeded to test discriminant validity for the constructs. Two approaches were used to assess the 
discriminant validity of the constructs. First, the cross loadings of the indicators were examined, which showed that 
all indicators are load lower than an opposing construct [34]. Second, in accordance with the Fornell and Larcker 
criterion, each construct’s square root of AVE exceeded the intercorrelations of the construct with the other 
constructs in the model. (Table 2). Both analyses confirmed the discriminant validity of all constructs.
Table 2. Discriminant Validity Coefficients
  OS QHR CP RP GS COM IEP 
OS 0.795             
QHR 0.601 0.861           
CP 0.490 0.310 0.886         
RP 0.327 0.308 0.481 0.854       
GS 0.481 0.466 0.332 0.448 0.874     
COM 0.595 0.491 0.419 0.348 0.358 0.810   
IEP 0.467 0.374 0.477 0.270 0.269 0.379 0.820 
Note: diagonals (in bold) represent the squared root of average variance extracted (AVE), whereas the other entries represent the correlations.
4.3 Assessment of Structural Model
The accuracy of the predictions from using this model was determined through the explained variance portion
[34]. The model can consider 31.5% of the implementation of EP variances. In addition to estimating the R2
magnitude, the Stone–Geisser Q2 (cross-validated redundancy) value was calculated to measure the predictive
relevance according to a blindfolding process performed in PLS [36, 37]. This research obtained a cross-validated
redundancy of 0.529, which was considerably higher than zero. Thus, the model exhibited an acceptable fit and high
predictive relevance [38].
Non-parametric bootstrapping was applied to test the structural model [38] with 2,000 replications. Table 3
presents the structural model that results from the PLS analysis. All the paths are significant with the exception of
two (H2, H5, and H6). Therefore, H1, H3 and H4 are supported, whereas H2, H5, and are not supported.
Table 3. Path coefficient and hypothesis testing
Hypothesis Relationships Path Coefficients T-Value Decision
H1 OS -> IEP 0.202 1.941* Supported
H2 QHR -> IEP 0.129 1.380 Not Supported
H3 CP -> IEP 0.317 4.822*** Supported
H4 RP -> IEP 0.146 1.946* Supported
H5 GS -> IEP -0.017 0.195 Not Supported
H6 COM -> IEP 0.071 0.949 Not Supported
Note: *p<0.05; **p<0.01; ***p<0.001
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5. Discussions
The goal of this study is to identify the effect of organizational factors, external factors, and compatibility on the 
implementation of EP in the construction industry. Our findings suggest that organizational support, customer 
pressure, and regulatory pressure have a positive and significant effect on the implementation of EP. Moreover, the 
impact of quality of human resources, government support, and compatibility on implementation of EP were not 
supported.
The significant relation between organizational support and EP implementation is comparable to [11]. The 
results show an insignificant relation between the quality of human resources and the implementation of EP. 
Therefore, managers who encourage employees to practice EP are needed for the implementation of EP in the 
construction industry. The results also indicate the significant effect of pressure from regulations and customers on 
the implementation of EP. These findings confirm the results of previous studies that present the importance of 
pressure, both customer and regulatory, on the firms’ behaviour towards the environment [18, 24]. Regulation and 
customer pressure can cause construction firms to consider EP. Low customer demand can be linked to a lack of 
customer awareness and to the idea that environmentally friendly construction is expensive [19]. Therefore, the 
government should also utilize incentives and education to increase customer knowledge; consequently, demand for 
sustainable construction practices can increase as well. The potential reason for the insignificant effect of 
government support on the implementation of EP is that EP in the Malaysian construction industry remains in the 
initial stage, and government support is at a low level. The results show that compatibility has no significant effect 
on implementation of EP. These findings suggest that organizational support, customer pressure, and regulatory 
pressure motivate firms to implement EP even in the absent of compatibility between EP and firms’ existing 
operations and system.
In terms of theoretical contribution, this study provides a better understanding of the impact of organizational 
and external factors on the implementation of EP in the construction industry, confirming [11-13, 15]. More 
importantly, this research contributed to the literature of [5-7] by investigating the potential impact of compatibility 
on the implementation of EP. From a practical perspective, this study provides the key drivers in implementing EP. 
The significance of customer pressure and regulation pressure suggest that policymakers in Malaysia should set 
appropriate environmental regulations and increase the customers’ knowledge on the importance of EP in the 
construction industry. The significant effect of organizational support suggests that managers of the construction 
firms should encourage employees to practice EP, reward environment friendly behaviour, and provide resources for 
employees to learn EP.
Several limitations of this study should be considered before the results can be generalized. First, the results 
solely relied on quantitative data. Although it fulfils the objective of this study, other types of data, such as 
interviews and case studies, may enrich our understanding with regards to the factors that influence EP in 
construction firms. These data types could furthermore provide an in-depth explanation on the relationship between 
compatibility and implementation of EPs. Second, this study considers the impact of organizational factors, external 
factors, and compatibility on the implementation of EP. The possibility of other determinants of EP implementation 
should also be explored. For example, previous studies have identified that the advantage of EP to the firm, either in 
terms of higher profitability or better reputation, may motivate the firm to implement EPs [40, 41].
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